Economics 


INTRODUCTION AND GENERAL BASICS OF POWER SYSTEMS 



Egyptian Network 


1. 37 bus-bars 

2. 36 Power Stations 

3. 36 GW installed electric capacity 

Note : 

92% : from thermal(gas) power stations 
8% is from Hydraulic Power stations 


History by GW 




2009 

2010 

2011 

2012 

2013 

2014 

2016 

hydraulic 

2.81 

2.81 

2.82 

2.82 

2.83 

2.83 

2.83 

Thermal 

22.2 

23.2 

23.5 

23.8 

23.8 

25.6 

30.8 

Total Capacity 

25.01 

26.01 

26.32 

26.62 

26.63 

28.43 

33.63 












































































Largest Power Plants in Egypt 


Power Station 

Capacity (MW) 

Fuel Type 

Aswan High 



2,100 

Hydraulic 

Shoubrah El Kheima 

1,350 

Oil 

El-Kureimat 

1,300 

Gas 

Damietta 

1,200 

Gas 

Cairo West 

1,100 

Gas/Oil 

Ataka 

950 

Oil 

Abu Qir 

930 

Gas/Oil 

Cairo South 

814 

Gas/Oil 

Damanhour 

678 

Oil 

Aswan 

622 

Hydraulic 


Why High Voltage Transmission line ? 


P=VI cos(0) -> VI = constant 
•The transmitted current is decreased, 

•Total power loss in the network is decreased, 

•The transmission efficiency is increased, 

•The voltage drop is decreased, 

•The voltage regulation is decreased, 

•The cross section area of the conductors is decreased, 

•The total cost of the copper is decreased 
•The weight of conductors is decreased 


Standard Voltages 


Generating 

6.6, 11, 13.8, 15.75, 33 kV 

High-Voltage Transmission 

10, 11, 22, 33, 66, 110, 132, 154, 220, 380, 500, 750 kV 

Low-Voltage Transmission 

6.6,11 kV 

Distribution Voltage 

0.4 kV 























Optimal Cross section area of a conductor 


Fixed Cost 


Energy Waste Cost 



Cf (fixed cost ) — K 2 * D * a 
D : annual interest and depreciation 
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Load Curves 


The Planning and economic investigation of Power System are based on many curves that describe the 

load variation 

1) Daily Load Curve 

2) Duration Curve 

3) Energy Curve 

Daily Load Curve 



Notes: 

1- We get Maximum Load Demand by recording peak value of the power in curve 

2- Consumed Energy is the area under this curve 

^ „ consumed energy 

3- Average consumed Power = — ; — -—^ 

time duration 


Duration Curve 
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Load (kW) 



the area under the load duration 
curve represents the consumed 
energy during the day 

Maximum load demand 


Average load demand 


Minimum load demand 
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12 


Time duration (h) 
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Load Energy curve 


From integrating daily load curve 
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Operating Factors 


Connected 

Load 










Maximum 

demand 


the sum of ratings of all electrical equipment that are connected at the supply 
point regardless of their status of operation 

independent of time _ 

the greatest load demand during this time interval 

cannot be calculated simply by adding the maximum demands of individual 
loads since the individual maximum demands occur at different times 


Power (kW) 




Average 

Load 


Installed 

capacity 


4. the total energy delivered in a certain period divided by the time interval 

5. Daily Average Load = total energyCkmOsupplledtiiday 

6. Can make 24*7 for weekly or 24*30 monthly or 24*265 for yearly 

The installed capacity is the sum of the ratings of all stations available to supply the 
system _ 

Maximum demand 


Demand 

factor 


Demand Factor — - ; -- 

connected Load 

< 1 


Connected load is easy to know so if we know demand factor we get max. demand easily 


























Demand factor 


Load type 


Capacity 


Residential 

loads 

< 0.25 kW 

< 0.5 kW 

> 1 kW 

1.0 

0.6 

0.5 

Commercial 

Office and restaurant 

0.7 

loads 

Theatre and small industry 

0.6 


School 

0.55 


Hotel 

0.5 

General 

< 10 Hp 

0.75 

power service 

10-20 Hp 

0.65 

20-100 Hp 

0.55 


> 100 Hp 

0.5 


Average demand 

Load Factor = —— ; -—-- 

Maximum Demand 

< 1 


Load 

Factor 


Constant Load :1 // always varying load : 0 


Load type 

Load factor 

Residential loads 

10-15% 

Commercial loads 

25-30% 

Industrial loads: 


Less than 25kW 

30-50% 

100-500kW 

60% 

> 500kW 

80% 




The ratio of sum of individual maximum demands of all customers to the maximum 
demand for a specific station is known as the 


Diversity 

Factor 


Div = 


> 1 

sum of indv max. demands 
Max. demand of power station 



































diversity factor for different load types 


Elements of system 

Res. loads 

Com. loads 

Large users 

Between consumer 

2.0 

1.46 

- 

Between transformers 

1.3 

1.3 

1.05 

Between feeders 

1.15 

1.15 

1.05 

Between substations 

1.1 

1.1 

1.14 

consumer to transformer 

2.0 

1.46 

- 

consumer to feeder 

2.6 

1.9 

1.15 

consumer to substation 

3.0 

2.19 

1.32 

consumer to generator 

3.29 

2.41 

1.45 


Capacity 

Factor 

the ratio of the average load supplied by a station to the rated (installed) capacity of this 

station 

average demand 

Capacity factor — - - -;- - - - - 

rated capacity of power plant 

< 1 

can be defined as the ratio between the actual energy produced and that would be 
produced if the plant were operated at its full capacity 

annual energy (kWh) 

Capacity Factor — - - -;- -- ; -- - 

rated capacity x no. of operating hours 

Utilization 

factor 

the ratio between the maximum demand and the rated capacity of the power plant 

Maximum demand 

Utilization factor — - ; -;- - - ; - 

rated capacity of power plant 

Reserve 

factor 

The ratio between the rated capacity of a power plant and the maximum demand 

rated capacity of power plant 1 

Reserve factor — - — - 

maximum load demand utilizatoin factor 


Energy(kWh ) 

Time(h) 


A P 

Ramp Rate — — (Watt/min') 























Reserve Power 


Because of load changes . the generating units supply 85%-90% of their capacity and the remainder is 
kept for emergencies 

some units are kept in hot status to be connected as fast as possible 
Why do we need reserve power ? 

1. Sudden unexpected increase in load demand 

2. Underestimating the load demand due to forecasting error 

3. Forced outage of generators or other components due to stability problem 

4. Local shortage in generating power due to T.L outage 


Types of Reserve Power 


Reserve Power 

Cold Reserve 

Hot(Spinning ) reserve 

1. Reserved for service but not available 
in the immediate loading 

2. Portion of the total reserve power 

3. Available for gradual utilization 

The cold reserve power is the sum of the rating 
capacity of all generating units that are not in 
actual operation but ready to be loaded 

1. Extra amount of active power boilers 
can provide immediately through 
governor action 

2. Boilers have to be in the proper 
conditions (P&T) 

3. The total spinning reserve power has 

to be greater than the largest 
generating unit in the power svstem 

Choice of Operating and Standby unit ( Reserve Power distribution on power plants ) 


,, Full capacity 

|""L Hot reserve power 

Cold reserve power J 

Operating power —fl_1 

\ 

Hi \ Operating power 


1- The Start up 
cost 

Depends on the startup time (the time interval between the order of starting 
to the moment where the unit delivers the power to the network ) 

- Units with high start up cost: 

1- shouldn't be frequently switched on and off 

Can provide hot reserve but not cold 

2- The shut 
down cost 

Depends on the type of the unit 

Cost due to wasted energy during shutdown of the unit 

3- Ramp rate 
of the unit 

The increase of power that can be obtained from a generator in a specific 

time. 

The power doesn't change suddenly , it needs a certain time per kW 

This prevents the effective use of slow units (low ramp rate) for spinning 

reserve 

The total reserve power is not obtained from a single unit because this would 
take a long time. The spinning reserve is distributed over the available units to 
get the required power in a short time. 


































Base Load and Peak Load 


Problem : 

• If we use only one plant ,rated power is peak value, 

but it will work for prolonged time at the base (part of load) which decrease efficiency 

Solution : 

• We use several plants (smaller ones cover base load and larger ones cover peak load as rating) 

• The units that cover the base load operate continuously, while those taking the peak load 
operate when required 

• All units operate near their rated power with high efficiency 



• Base load has almost unvarying value 

• Intermediate load varies within certain limits 

• Peak load vary randomly 


Plants work at base load (characteristics) 

Plants work at peak load (characteristics) 

• Low operating cost since they operate 
continuously 

• High capability of operating continuously for 
long time 

• Low and fast maintenance requirements 
•The load factor is very high and reaches unity 
for many units 

•Very fast response to load variation (high ramp 
rate) 

• Low start up time 

• Low startup cost 

• Low capital cost for economic operation since 
they operate for relatively short time during the 
year 

•Constant voltage and frequency against the load 
fluctuations 

•The load factor is very low in the range of 0.1- 
0.6 

Thermal, nuclear and hydraulic power plants are 
conventionally considered as base load plants 

Steam, gas turbine and diesel power plants are 
used as peak power plants. 


Economic Analysis of Power Plants 


Power Plant Costs 

Fixed Cost 

Semi-Fixed Cost 

Operating" Running" Cost 






















FIXED COST 


• The capital invested in the installation of the entire plant 

• Independent of the output energy and maximum demand 

• Represents a constant annual cost for the power plant 

• Includes: the cost of land, buildings, equipment, transmission and distribution lines with all 
infrastructures and the cost of planning and designing the plant 

Operating or running cost 

• Depends on the number of operating hours of the power plant and on the output energy 

• Includes the annual fuel cost, lubricating oil, cooling water, maintenance cost and repair and 
employees' payments 

• Approximately proportional to the output energy 

• The consumption of fuel rate varies depending on the percentage loading and it has a minimum value 
at full load 

Semi-fixed cost 

• Independent of the output energy 

• Depends on the maximum demand 

• Includes the annual interest, depreciation on 
the investment capital cost, taxes and insurance 


Almost proportional demand 











Big Projects are financed using borrowed money and hence, the interest on the capital investment must 

be considered 

If the money is not borrowed, the interest has to be considered to account for the profit that would be 

obtained if the money were invested in other projects 






Depreciation Cost 


the annual cost required to the depreciation caused by wear and tear of equipment and machines 
because of the normal operation 

after The Operating Life The equipment and machines have to be replaced after a certain time 

so, set aside amount of the income to collect sufficient money that is equal to the capital invested in 
these machines and equipment 


p 

Initial investment value of all equipment (capital cost) 

s 

Salvage value at the end of the life time (Scrap value) 

n 

Life of the equipment in years 

A 

Set aside money per year 

r 

Annual rate of compound interest 

X 

Annual unit depreciation 


Straight Line Method (Simplest"advantage") 



P-S 

A = - 

n 


Disadvantages 

1- The amount of interest earned by the set-aside money is ignored 


























Diminishing-value method 



x = 1 — 



S n = P( 1 - x) n 


accumulation = depreciation = P — S 
set aside , A = xP ( 1 — x) n_1 


The total costs are distributed over the life since the depreciation charges are high in the first years 

where the maintenance cost is low and vice versa 

Disadvantage : 

1- the high charges in the first year, where the plant is still in the build-up stage 

2- Instead of a fixed amount, a fixed rate of depreciation is applied, where the depreciation is 
applied firstly to the original cost and then to the diminishing value 

3- The amount of interest earned by the set-aside money is ignored 


























Life period (Year) 


Y = A +A(l+r) + A (1+r) 2 +...+ A(l+r) n ' 2 + Afl+r)"' 1 

A A 


A 

Due to 
last payment 


A 

Due to 

first payment 


By multiplying by (1+r) and subtracting both equations we get the following relations 


A 


= ( a + r)-- ” 


(1 + r) n — 1 

Y = A- --- = P-S 


Y n =A 


(1 + r) n - 1 


( at certain year) 


r 



















Tariffs methods for electrical energy 


We have to cover the following by form of energy rates: 

• The invested capital cost for the generation power plant 

• All kinds of running cost 

• Acceptable profit on the invested capital 

General Rate Form 

General form depends on maximum demand & Consumed Energy 

Maximum Demand Energy Consumed 

Z — cl. P + b. E + c 
a : rate per kW of Max Demand ; b Energy Rate per kWh ; c: constatnt char 

Flat Demand Rate 

It depends only on the connected load with a fixed maximum number of hours 

per year 

Z = a.P 

This enables the consumer to utilize any amount of energy with upper limit 
equals the connected load at 100% utilization factor, where the cost of unit 
energy decreases with more consumed energy 

Straight line meter rate (simple rate) 

The total charge in this case is calculated depending on the consumed 

energy 

Z = b.E 

• This method ignores the cost that the consumer would incur when 

the consumes no energy 

• this method does not distinguish between large and small 

consumptions 



Flat demand rate 



E 


E 
















Block-metre rate 


Block-meter rate 


• The influence of the fixed cost would be decreased if more energy is generated and 
consumed 

• The block metre rate encourages the consumer to utilize more energy 

• The cost of energy decreases with the increase of the consumed energy 

z = b-^E-L + b 2 E 2 + b 3 E 3 

where the total energy consumption E — E 1 + E 2 + E 3 + ■■■and b 3 <b 2 < b x 
Note = in Egypt b 3 > b 2 > b x 



Hopkinson demand rate of two-part tariff 


• is used for industrial customers, where consumers are charged depending on 
their maximum demand and energy consumption 
• Two meters are required to record the maximum demand and the energy 

consumption of the consumer 
z = a.P + b.E 


Hopkinson rate 



Doherty rate or three part tariff 














It is similar to the Hopkinson rate charging 

The only difference is that the customer has to pay some fixed 

amount regardless of the consumption 

z — a. P + b.E + c 

This method can specify a minimum demand and a minimum 
energy consumption that must be paid for 

It is possible to increase the charge when the consumption exceeds 
a certain limit if the total demand is greater than the generating 
capacity 

This discourages the consumer to use more power 


Doherty rate 



E 


Power-Factor tariff 

• The low power factor causes an increase in the total apparent power and hence, the current 
increases 

• Due to the low power factor of most factories, it is common to use a tariff that depends on the 
operating power factor 

• This is done in either a direct or an indirect form 

















kVA maximum-demand 
tariff 

kWh and kvar tariff 

Sliding-scale tariff 
(average power factor tariff) 

the maximum apparent 
power (kVA) is used to 
represent the maximum 
demand instead of the 
active power 

z = a.kVA + b.E 

-It is possible to calculate 
the charge depending on 
the total energy and the 
total reactive power 
consumption after 
measuring them 
-This considers the power 
factor of the consumer 
using an indirect form 
z = a. kvar + b.E 

The charge includes a penalty cost if 
the power factor is less than a certain 
value (e.g. 0.85) 

r b.E if cos(<|>)>0.85 

z = \ 

v b.E + K(0.85- cos(<|>)) if cos(4>)<0.85 


Economic load dispatch 


The unit commitment study 


It optimally defines the required generators to meet the expected load and to provide a specified 
margin of operating reserve over a specified period of time 

The economic dispatch 


It determines the output power of each plant that would minimize the overall fuel cost. This represents 
a coordination process between the unit productions in an economic manner. 


System Constraints 


The technical limitations that have not to be violated under any condition 

The violation of these constraints affects the power quality and the general operation of the power 
system and causes stability problems 





































Equality Constraints 


Example (1): 

The main equality constraints are the basic load flow equations 
that establish the flow balance equations such as the equality 
constrains according to Newton- Raphson Method 


Pi = IV, -Vj - Yij •cos(8 1 -8j-y ij ) 
j=l 

Qi = £v i -Vj.y r sin(8 i -8 j -y s ) 
j=i 


Example (2): 


P g = ^L+^Loss 

The power balance is another example of equality constraints ® 


Inequality Constraints 
:Generator constraints 


Example (1) 

The thermal stability of generators requires that the total VA "Sg" loading of any generator has not to 
exceed a certain maximum value Sg-max: 



g.max 


Example (2) 

The upper limit of the active power Pmax is constrained by the thermal consideration The lower limit 
Pmin is constrained by the flame instability of the boiler Consequently, the generated power from any 
unit "Pg" has to be kept within the limits : 


P <P <P 

1 mm — 1 u — 1 max 


Example (3) 

There are upper and lower limits for the reactive power of the generator These limitations are defined 
by the overheating of the rotor for the upper limit and the stability limit of the machine for the lower 
limit 


Qmin 


max 



















Voltage constraints 


Example(4) 

• Both the magnitudes and angles of node voltages have to be controlled in order to keep them 
within acceptable limits The power quality necessitates that the voltage magnitudes at load 
terminals are kept within specific limits or else the equipment will not operate satisfactorily The 
regulation of the voltage starts from the generators (exciters) to reduce the cost of extra voltage 
regulating devices 

• The upper limit of phase angles is defined regarding the transient stability of power systems 

• On the other hand, the lower limit of the angles is defined taking into account achieving an 
efficient utilization of transmission facility 

• Typical operating angle of transmission line lies between 30° - 45° 



where: is the magnitude of node angle with an 
angle of d n at node n 


Running spare capacity constraints 

Example(5) 

To ensure the existence of enough spinning reserve to overcome any emergency situation 

The generation should guarantee a minimum spare capacity in addition to load demand and power 
losses 

P > P + P 

1 g-available 1 Load 1 loss _ 

This difference, i.e. spare capacity, is defined according to economic issues and technical aspects like the 

ramping rates of the generators 

Transmission line constraints 

Example (6) 

There is a thermal capability of each transmission line that defines the allowed flow of active and 
reactive power The transmitted power is limited as follows 

P T L < PT.L,max 


Where PT.L,max is the maximum loading capacity of the transmission line 
















Network security constraints 


Example (7) 

Violation of constrains can take place subsequent to abnormal conditions like a line outage, either 
scheduled or forced, which affects the security of the network 

Sometimes a so called (x-1 study) is performed to examine the reliability and security of the system 

The x-1 study means that the network is studied with outage of one branch at a time 


Transformer tap settings 


Example (8) 

Sometimes, there is a possibility to change the voltage in steps, i.e. to chose between different values 
rather than varying the voltage smoothly 


0<t<t 


max 


For auto-transformers, tmax can be unity 
Phase shifting transformers have phase shift limits 

® min — ^ — @max 





























Economic Dispatch Problem 


Concerns Operating Cost not Fixed Cost 

Consider only Fuel Cost ( other costs that depends on generated power will be included in expression) 
Consider Thermal Plants 

1. Early approach was to supply power from most efficient plant till max, eff. Point then the 
next most efficient and so on. 

2. The location and transmission losses will be considered 

3. Economic distribution of Load demand among generating units . expressing cost as a 
function of the generated power 

The Performance curve of Boiler-Turbine-Generator se is required it's called input-output curve 

input-output curve 



The incremental heat rate "the heat rate" is the ratio of input fuel to the corresponding output power 

(Btu/MWh) ihr = j 



The reciprocal of the incremental heat rate is known as the incremental efficiency 

















Incremental fuel rate 

A input dF 

incremental fuel rate — - - = —— ( Btu/MWh ) 

3 Aoutput dP 3 

To operate at Maximum fuel efficiency , point of minimum heat rate must be defined 

Incremental Fuel Cost 

Inceremental fuel cost ( %/MWh ) = incremental fuel rate x fuel cost 


Operating Cost of Thermal plants 


C = a + fl*P + Y*P 2 
we neglect all losses in the transmission system 
we need : Min F T — Yu=i Fi 
subject to 

Fdemand ~ generated 
n 

/>„=!> 

i =1 

must follow constrains : P m i Ut i < Pi < P max ,i 

For minimum total fuel consumption (Proof) 

We simplify only 2 units 



P D — Pi + P2 >Pt — F 1 + P 2 


F t = F 1 + F 2 (Diff.) 

dF T dF x dF 2 dF ± dF 2 dP 2 

—- = 0 =>— - + — - = 0 => — - + —-—- 
dP 1 dP ± dP 1 dP 1 dP 2 dP 1 

P D = P 1 + P 2 (Diff-) 


dF t 

dP^ 


dP 2 

1+ wr° 

dP 2 

From (1) and (2) 

Then Condition of Optimal Operation 
dF 2 dF„ 


dP 7 


dP, 


= A (lagrange multiplier ) 


Another form 

























Pi + 2yi * P 1 = /? 2 + 2y 2 * P 2 = "• = Pn + 2y n * P n = A ( lagrange multiplier ) 


Which means: 

all generators have to operate at the same incremental cost of production to achieve an economic 

operation 


optimal generated Power P t — 


Pi 

2Yi 


Pd = ZPi = 


*-Pi 

2yi 


2/2 


+ ••• + 


j; ~ Pn 

2 y„ 




l 

2y 2 


1 

2y n 


Pi_ 

2yi 


/?2 , . Pn 


2/2 


2)V 


A = 




yn Pi 
Li=1 2 Yi 



1 

2/i 







































Graphical Solution 


Pi + 2yi * P 1 = p 2 + 2 y 2 * P 2 = ••• = p n + 2y n * P n = /l ( lagrange multiplier ) 
Graphically we can determine the value of A by graphing + 2yj * P on the same graph 

1- A random value of X is selected and the corresponding generated power from each unit is 
obtained 

2- The total power is compared with the total demand 

NOTE : If the demand exceeds the generated power, the line representing the Lagrange 
multiplier X is shifted up to increase the power and vice versa 


P + 2y*P and X 


P + 2y*P and A. 



Output power (MW) 


Output power (MW) 


3- Check for max. and min. output power for each plant. In case of violating the generation 
limits, the output power of that generator is fixed at its extreme limit 


Re-dispatch 


If the constraints of upper or lower power limits are violated for any generator, the power is tied to the 
corresponding limit as a fixed value while the rest of the demand is distributed over the other operating 
generators 

The distribution of the rest of the demand over the other generators is carried out according to the 
equal incremental cost of production 

Steps : 

1- Fix value (to lower or upper limit) PI = limit 

2- Get the rest of the demand power = P D — Pu m i te d 


3- Get the new X between the rest oni y A = 



4- Get the values of them P2,P2 


Additional Cost 























Economic Dispatch considering losses 


One power plant may have a lower incremental fuel cost but connected at a bus far from the load 
centre The total cost has to be considered for evaluating the economic performance of generating units 

Min F t - ZF t ; subject to (1 jP D + P ioss = £P; (2)P Min <P < P Max 

Floss total loss in T. L has to be developped as a function of generated power 

Pd = Pi + ^2 " P|_oss F t = F 1 + F 2 

dPr = a dF l . S?2 = n ^ dF l | dF 2 dp 2 _ A 

^ dP! dPi ^ dP! dP 2 ' 8P[ 

1 I dP 2 ( ap Loss gPj ■ gp Loss dP 2 )_ a 

dP[ \ aPi d?i d?2 dP[ J 


5P 2 (, 

d^Loss ]_ /i 

^ f Loss ] 

5Pj V 

d? 2 / v 

epi \ 



k = 


1 - 


dF> loss 

dPi 


dF[_ _ dF^ _ dF„ 
L2 dP 2 Ln dP n 


= x 


A = incremental cost of received power in %/MWh 
The penalty factor themselves are functions of the 

generated power These factors take into account the participation of each unit in the total power loss in 
the transmission system. 




















































The condition for optimal operation is: 

L,(Pi + 2y,*P,) = L 2 (p 2 + 2y 2 *P 2 ) = ... 

= L n (P n + 2y n *P„) =X 


Thus the optimal generated 
power from each unit is: 

P; = 1 

2 Yi 

i=1,2,...n 

y,-A y,-h v, -a 


D~ 


2 r\ 


2/2 


2 Yn 


Loss 



The problem can be solved only using an iterative solution: 

• Define the coefficients of the cost functions of all generating units, the upper and lower limits of their 
power and the allowed tolerance 

• Assume a suitable initial values of 13 and Li 

• Compute the individual generations PI, P2,... Pn 

• Check for violating the constraints 

• In the case of violating the generation limits for any plants, the output power of this generator is kept 
fixed at its extreme limit. 

• Calculate the total power loss using a suitable expression depending on the output power of the units 
and the configuration of the network 

• Check if the equality constraint = P D + P Loss is satisfied 

• If not, modify the value of 13 and repeat the solution 

• If equality is satisfied, with a predefined tolerance, the optimal load dispatch is achieved and we can 


calculate he total cost 
































Ploss — YiYiPiBijPj 
dP L 

wr 2m > p i 



dFL 

dP! 


dF2 

dP 2 


n \ / n \ 

1 -2XBjj • Pj l-2ZB 2j Pj 

j =1 ) V J =1 


=...=x 


P i +2y j P, + 2A, Z B,j • Pj =X 

j=i 


[templateij 

















































(31+27; P i +2XZB ir P j =x 

j=i ' ' 


ft +B ") 

•Px+ZBij 
j=i ' 

.p..i 
> 2 

l ^) 


j*i 




[*- + *„ 

X 11 

B 2i 

#12 

+ •• 
A 

• * 1 , 

•• b 2 „ 


•• ^ ^ 
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= 2 
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1 1 

|>> 

_ 1 

B„ 1 

B n2 - 

Yn , D 

" t +5 -J 
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- 1 

1 

_ 1 



Ploss = \I a \ 2 -Ra + \I b \ 2 -R b + \Ic\ 2 -Rc 
where 

P 1 p 2 

V 1 cos<p 1 ’ ^ b ^ V 2 cos((p 2) 

/c = Ual 2 + I4l 2 + 2141141 cos(5) 
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in terms of line resistances, terminal voltages, supplied currents, power angles and phase angle between 

the two currents 


Ploss = Ua\ 2 (Ra + P c ) + Vb\ 2 (R b + P C ) + 2P c |/ a ||/„| C0S(5) 


Ploss — 


Pi 2 . _ . pf 


V( cos 2 0! 


(Pa + Pc) + 


V 2 COS 2 02 


{R b + R c ) + 2R C 


P1P2 


V t COS 0! V 2 COS(0 2 ) 


cos(5) 


Pfoss — PllP 1 + 2 B 12 P\P 2 + P 22 P2 


Pi 1 — 


Pa + Pc 


P 77 — 


Pf> + Pc 


11 I^COS 2 ^) 22 IV 2 I 2 COS 2 (0 2 ) 

P c cos(5) 


P12 — 


1^111^21 COS(0i) COS(0 2 ) 


in terms of load parameters: 


rV 

Ucl =77 -T 


P1 + P2 


y 4 COS (0 4 ) V" 4 cos(0 4 ) 


loss 


_ ( Ra 
\|Vil 2 cos 


■ + ■ 


P, 


:) p2 + (i 


P* 


■ + ■ 


P, 


2 ( 0 l) |V r 4 | 2 COS 2 (0 4 )/ V|y 2 | 2 COS 2 (0 2 ) 1 14 1 2 COS 2 (0 4 ) 

2 Pc 


)p 2 2 


V 4 | 2 .COS 2 ( 0 4 ) Pl?2 


B 


11 


_ / Pa 
MKil 2 cos 


■ + ■ 


P, 


') S22_ (i 


p* 




p. 


2 (0l) |V r 4 | 2 cos 2 (0 4 ) 7 V|y 2 | 2 cos 2 (0 2 ) |v r 4 | 2 cos 2 (0 4 )/ 

Pc 

Sl2_ |K 4 | 2 .COS 2 (0 4 ) 

These coeffiecient are approximate cuz load demand is assumed to be the summation of the two 

generated power 


It's useful when the parameters at load terminals are known 

Specials 
















































Neglect losses: 


1 

Define the coefficients of the cost functions of all generating units (/? ; and yi, 
i=l,2,...n) 

2 

p o+ sr=i 

For a certain load demand, calculate the value ofA = , 1 

9 v n 1 

U=i 2Yi 

3 

Depending on the calculated value of A, get P t = corresponding to incremental 

2 Vi 

fuel cost of production 

4 

Check for max. and min. output power for each plant. In case of violating the 
generation limits, the output power of that generator is fixed at its extreme limit 

5 

l- The remaining load demand is calculated and distributed among the 
remaining generators 

B. 

p d + 

PI limit then Pq Pq Plimited then A ^ 

yn 

U=1 2 Yl 

6 

Additional cost 

r F new 

AC = /3*c + 2y*cPdP for each 

^Polcl 


Iterative Method 


1- 

2 - 

3- 

4- 

5- 

6 - 


Star with A > ft max 

x-pi 


Calculate Ps = 


2 n 


A P = P D - (P, + P,+ P 3 ) 
^ = AP, 


pu 


— A ^1 + ■ 


A PpuQfJ^ 


Repeat from 2 




Considering Losses losses: 


Exact : B tl = 

Approxmate ■ B u = ^ 


R a + R c 


1- Get V-l , V 2 , V 4 
2- Get B's 

R b + R c 


iVipcos 2 ^) 

R a R r 


#22 ~ 


|y 2 l 2 cos 2 (0 2 ) 
Rb 


ll^l 2 COS 2 (0 1 ) |Kj.| 2 cos 2 (0 4 ) 

B 12 


j B 22 — ^ 


#12 


■ 


R c cos(S ) 


|y 1 ||y 2 |cos(0 1 )cos(0 2 ) 

Rr \ 


\V 2 \ 2 cos 2 (0 2 ) \V 4 \ 2 cos 2 (0 4 ) 


Rr 


I V 4 1 2 , cos 2 (<£4) 

3 - 


ploss — #11#1 + 2#12 #1#2 + #22#2 

p loss — #11#1 + #12# 1#2 + #22#2 + #13# 1#3 + #33#3 

^^=2B 11 P 1 +B 12 P 2 

= 2B 11 P 1 + B 12 P 2 + B 13 P 3 

d Ploss 

= 2B 22 P 2 + B 12 P 4 

d Pioss 

gp 2 = B12P1 + 2 B 22 p 2 

P2 

d Pioss 

= B 13 P 1 + 2 S 33 P 3 


4 — A = 7 then P t = 


^■/^initial P 

2y ' 


5 — P ioss — value — in pu 

6 — AP = (P D + Pioss) — ( #i + # 2 ) 
1 

7- Li = 


dPi 


loss 


dPi 


8 — A = 


Pd + Pioss + "Tir 


2y 


£( 211 ) 


9-p = 


2yLj 

i-P 


2 Y 

Repeat from 5 


check until AP < tolerance 
























Steam Power Plants 


Components of Steam power plant 


1- Boilers 



Forced draught 


convert water into steam with one of two configurations 


fire tube boilers, 

water tube boilers, 

where water surrounds the tubes containing hot 
gases 

where hot gases surround the tubes containing 
water 

Advantages: 

compact size 
low initial cost 

ability of producing large quantities of 
steam per unit area 

Disadvantage : 

operating at a lower pressure 

are usually used for central steam power plants 
Advantages 

Better heat transfer efficiency and overall 
efficiency of plant 

Better overall control 

More safe in operation 

Higher working pressure 


Super Critical pressure boiler: high P up to 350 atm and High T up to 600°C 


Boiler furnaces are the chambers where the fuel is burnt, has two types 
Types depend on : 1) the firing methods 2) the required combustion space 


plain refractory walls 

completely water-cooled walls 

For low-temperature operation, as in small 
plants. 

For high-temperature operation, as in large 
plants, where the surface is covered by water 
tubes 

Suitable pumps are used to circulate water in 
these 

tubes to achieve suitable heat transfer to 
maintain the 

operating temperature at a suitable value 




































2- Super Heaters 


Do 2 tasks : 

1- removing moisture from saturated steam after leaving the boiler tubes 

2- increasing its temperature above the saturation temperature 

using the hot gases at the furnace outlet 

3- Reheaters 


The reheaters act to superheat the partly expanded steam from the turbine once again so that the 
steam remains dry through the last stage of the turbine. 

4- Condensers 


Used to reduce the required quantity of water BY condensing the steam after expansion 
through the prime mover (turbine) 


enables the reduction of the exhaust pressure and increasing the plant efficiency 


Jet type condensers 

Surface type condensers 

The exhaust steam mixes with the cooling water 
and hence, their temperature is the same at the 
outlet of the condenser 

Exhaust steam does not mix with cooling water 
and the temperature of the condensate is higher 
than that of cooling water at condenser outlet 

-Lower initial cost 

-Lower quantity of cooling water 

-lower maintenance requirements 

-Possibility to use condensed water as feed water 
-lower requirements of pumping power 


5- Prime Movers 


convert the energy contained in the steam to mechanical energy to drive the alternator . 
Two types 


reciprocating steam Engines 

Turbines 

have become old-fashioned 

usually employed as prime movers especially for 
large units more than 1,000 kW. 


Steam Turbines 


Axial Flow 

Radial Flow 

The direction of the steam flow is parallel to the 
axis of the wheel 

The steam flows in a radial direction starting from 
the blade tip towards the circumference 






6- Fuels 


Thermal power plants utilize different fuels 


SOLID : 

LIQUID : 

GASEOUS : 

coal. 

oil 

natural gas 


: ( have obtained increasing 

For power generation 


interest over the last decades 

Advantages: 


DUE TO 

Low price 


1- lower handling cost 

low emissions 


2- 2- fast response to load 

other advantages 


variations,) 

Disadvantages 

The storage of natural 


-The cost of unit heat of oil fuels 

gas represents a 


is higher in comparison to coal 

significant practical 


and gas fuels 

problem 

Power plants must be 
near the natural gas 
fields 


Hydraulic Power Plant 


utilize the potential energy of water falling from high levels for the purpose of electrical energy 
generation 

Otherwise, the potential energy will be converted into heat before reaching the ocean 


Potential 
energy of 
water 
falling 


Kinetic Mechanical Electric 

energy energy energy 


The installation of hydraulic power plants depends on the existence of natural or artificial waterfall with 
sufficient quantity of water. 

The extracted power depends on the specific weight of water, the water flow rate and the height of fall 


P = 0.00981 w. Q.H.r] ( kW ) 

w is the specific weight of water (kg/m 3 ) 

Q is the water flow rate (m 3 /s) 

H is the height of fall or head (m) 
rj is the efficiency of generation 


Natural waterfall 



Yes 


No 


Iconstruct a daml 


, » , 

| kinetic^nergy | 

Drive a turbine] 


1 

| Generate electricity] 

























Advantages of Hydraulic Power Plant 

1- No temperature restriction (fast start up) 

2- Robust plants due to their Long life of operation 

3- high ramp rate 

4- Very high reliability with low maintenance 

5- Clean units and can manage water flow 

6- No fuel is required and the operating costs are very low 

7- Sensitive speed governor (constant speed operation) 

8- Almost constant efficiency with the age 


DisAdvantages of Hydraulic Power Plant 


1- The output power produced in these plants depends on the available water and its mass flow 
rate 

2- They require large area for installation 

3- They take long time for installation due to the vast civil work 

4- The construction cost is extremely high 

5- They are normally located in remote areas away from the load centre 

Reservoir Surge 

















































Main Parts of Hydraulic Power Plants 

1- Storage Resevoir and Dam 

stores the excess of water and supply a regulated quantity to the 
turbines depending on the load demand 

it's possible to utilize a natural reservoir, like a lake in high mountains or 
to construct an artificial one 

A dam across a river (or a lake) is constructed and thus, an artificial 
storage reservoir is formed 

The reservoir contains water at suitable head with respect to the turbine 
The size of the storage reservoir is inversely proportional to the available head of water 
The construction of dams represents the most important, difficult and expensive phase of 
building hydroelectric power plants 



2- Spillway and pressure tunnel 

SPILLWAY 

for safely operation avoiding the danger that overflows might cause, 
a safety valve or a spillway is used to discharge the overflow water to 
the downstream side when the reservoir is full 

PRESSURE TUNNEL 

supplies water from the reservoir to the valve house which is located 
at the top of the penstock 

3- Surge Tank 

It is a small tank located before valve house and is used to 
regulate water pressure in the system 
It allows water level to rise or fall to control the pressure 
The decrease or increase of water pressure is caused by load 
variations since water has to be changed regularly by governor, 
which closes or opens the turbine gates 

4- Valve house 

responsible for regulating the water flow coming from the pressure tank to the penstock 
It contains main sluice valves that control water flow to the turbine in the power station 
contains automatic isolating valves for stopping water flow in emergency cases 


Surge tank 
























































5- Penstock 


Water flows down in the penstock in the direction of the turbine. 

It is constructed from closed tubes connecting the surge tank to 
turbine 

- HIGH HEAD POWER PLANTS : use one penstock 

MEADIUM HEAD POWER PLANTS : use individual penstock for each 
unit : the water is distributed for the units at the lower end 

6- Power station and tailrace 



The power station contains the turbine, the generator and the transformer 


Prime-movers, or water turbines, convert kinetic energy 
of water to mechanical energy 

The mechanical energy is used to drive an alternator, which has to 
be suitable for low-speed operation, to generate electrical energy 

The tailrace is the place where water is driven out of the turbine 
and discharged 


Power 




1- The required installation area is small compared to any other type of the same power capacity 

2- Need very small amount of fuel eliminating fuel problems (transportation, storage and handling) 

3- They can achieve economical operation when installed in large capacities 

4- The use of nuclear power plants reduces the demand for other fuels like coal, oil and gas 

5- Fissile materials can be produced as by-materials when the fuel has to be renewed 

6- The variety of fuels, which guarantee a continuous supply of electrical energy 

Disadvantages 

1- Very high initial capital cost compared to other types of power plants 

2- Require greater technical knowledge for installing the plant 

3- Difficulty to recover fuel and dangerous radioactive pollution can be produced 

4- Need a specialized staff for maintenance (high maintenance cost) 

5- Slow reactor response to load fluctuations (not suitable for peak-load applications) 

6- Located far from the load centers for secure operation (high transmission cost) 































Factors for site selection 


The existence of a water supply 

Secure operation 

Availability of space for waste 
removal 

Huge amounts of cooling water. 
The plant has to be installed 
near a river or a lake 

Separation from nearest 
populated area to avoid the 
danger of radioactivity near the 
plant 

The site has to contain 
adequate space and 
arrangement for removal of 
radioactive waste 


Atomic Fuels 

1- Uranium (U-235) 

2- Uranium (U-238) 

3- Thorium (Th 232) 

4- Plutonium (Pu 239) 

energy obtained from uranium alone can exceed the energy contained in the coal and petroleum all 
over the world 

Splitting 1 kg of uranium (U-235) atoms results in huge heat energy (about 25*10 6 kWh) 
electrical energy of about 6.5*10® kWh, which can be obtained by burning about 2,500 tones of coal 

Layout 

Like steam power plant but a nuclear reactor and a heat exchanger replace boiler and boiler 


Fuel fed entrance 












































































Components 


1- nuclear reactor, 

2- heat exchanger 

3- steam turbine 

4- alternator 


The water used for steam generation circulates in a closed loop as in conventional steam power 
plants 

Caution has to be paid to shield the reactor and the cooling circuit to eliminate the danger from 
radioactive radiation 

Power Generation 


-Fission process breaks Uranium atoms producing large amount of heat energy 


Fission process 


-Special fluids, e.g. liquid sodium or gas, circulates around the reactor to extract 
this energy to be used in heat exchanger to generate steam and drive a steam 
turbine 


v 

Breaking the 
atoms 


-The operation of the reactors is controlled through a main control room 


Fission process 


_ ^ _ 

Heat exchanger to 
generate steam 


when a stray neutron strikes a special atom producing the original atom to break 
apart into two smaller atoms with total mass weight less than the original atom 


Drive a steam 
turbine 


The difference in the mass weight is transferred to an increase in the kinetic energy of the new atoms, 
which is then converted into heat when the new atoms collide with other atoms 


The new produced neutrons strike the other atoms causing new fission processes 


U-235 


Neutron • -► 







Two new 
neutrons 



The fission process is controlled such that the number of neutrons at any time is the same 

Otherwise, the fission process repeatedly increases and the number of neutrons will gradually increase 
and an explosion takes place like in atom bomb 

Also, controlled to avoid break of fission absorption of the neutron or when it goes beyond the fission 
region 




















Three possibilities appear for the fission process 


Uncontrolled 

Controlled 

No continuity 

The fission process and the no. 
of neutrons repeatedly increase 

The number of neutrons at any 
time is the same 

Break of the fission process as a 
result of absorption of the 
neutron 


Main Parts of REACTOR 


-The reactor of nuclear power plant is the part where the fission process occurs 

-The resultant heat energy is transferred to the coolant, which is used to produce steam or used directly 
in a gas turbine 


1- REACTOR CORE 


Central Part 

Contain Suitable Fuel for fission process 

Contains non-fissionable material to weaken and control reaction 



Moderator 

Neutron 

detector 


2- Moderator 


There is a higher probability that the fission process takes place when the speed of the neutrons is low 


BUT : The normal speed of the neutrons is very high 

The main task of the moderator is to reduce the neutron speeds to a 
proper value suitable for fission occurring 

EXAMPLES : Carbon, Heavy water. Hydrogen, Deuterium, Helium, 
Beryllium, Nitrogen and Oxygen 











































3- Shielding 


1- constructed from iron, is to isolate the reactor core from the external environment 

2- PROTECT AGAINST 

1 — a particle radiations 

2 — y rays 

3- protects against the neutrons that escape from the fuel core 

4- SO, it is heated instead of the reactor walls and requires continuous cooling 

5- Control Rods 

- absorb a certain number of neutrons in order to regulate the fission 
process 

- The rods are inserted into the reactor core or moved out through special 
holes in the top of the reactor vessel 

- The insertion of the rods results in absorbing more number of neutrons 
and hence, the rate of the fission process decreases and vice versa 

6- Reactor Vessel 

-The reactor vessel is the reactor tank that contains the core, the reflector and thermal shielding 

-The walls of the reactor vessel are very strong and are constructed to allow for the entrance and exit of 

the coolant 

- It contains special holes at its top to allow for the up and down movement of the control rods 

7- Coolant 

Controlled to keep the Reactor's Temperature always constant 

Common Materials : air, helium, hydrogen, light water, heavy water, molten sodium and lithium 
Utilized in 2 ways 

1- As a medium that transfers the generated heat to heat exchanger and then used somehow for 
electrical power generation 

2- Water can be used as a coolant where it is converted into steam in the reactor and then used 
directly for driving a steam turbine. 

8-Control System 

Fission is controlled for generated electrical power to be adequate for load requirements 
Fission can be stopped and the reactor is shut down in unusual and emergency situations 
Accomplished : using materials with high neutron absorption coefficient such as cadmium and carbon 


■ Control rod 




































The control rods are adjusted automatically by the action of the controllers 


The control action depends on feedback signals from the generated power and signals from special 
sensors that measure the neutron flux density in the reactor 

Classification of nuclear reactor 


REGARDING FIELD OF APPLICTION 


Power reactors: 

Research reactors: 

Production: with a main task of 

for electrical energy generation 

fortesting new reactor 
characteristics 

converting fertile materials into 
fissile materials 


REGARDING TYPE OF FISSION 


Fast reactor 

Slow reactor 

Intermediate reactor 

most of fission is due to 

most of fission is caused by 

the neutrons are slowed down 

nonmoderated (fast) neutrons 

moderated (slow) neutrons 


Enriched uraranium-235 is used 

Natural uranium is used as fuel 

Slightly Enriched fuels are used 

as fuels 

in slow reactors 

in these reactors 


REGARDING MODERATING MATERIAL 


Heavy Water 

Graphite 

Ordinary Water 

Beryllium 


REGARDING COOLANT 


Gas 

Water 

Heavy Water 

Liquid metal 


Gas Turbine Power Plant 


gas turbines are prime movers for electric generators 
Operated on principles of Brayton (constant pressure) cycle 

Unlike steam units, the working medium in gas turbines is the product of combustion process 
and no intermediate fluid, is required 

the structure is simpler since the produced gas is expanded directly in the turbine 









































Advantages of Gas-Turbine 

1- Simple design, compact structure and easy installation 

2- Low initial cost 

3- Small installation space 

4- High reliability due to their simple design 

5- They require small amounts of cooling water 

6- Fast starting capability 

7- Low greenhouse emissions 

8- Require few personnel 

9- Low maintenance 


Disadvantages 

1- They are Characterized by the noisy operation 

2- Low efficiency since they cannot utilize all heat energy in the gas, where exhaust gases contain 
large heat 

3- The large power required for the compressor reduces the net output power considerably 

4- Cannot utilize coal or heavy petroleum as fuel, i.e. the fuel costs are higher than that of other 
power plants 

5- They require an external power source at starting to start-up the compressor 

Applications 


1- To drive electric generators for supplying peak load. This is motivated by their high fuel costs 
and low initial costs 

2- Small gas power plants are used as starting plants for some auxiliary devices in other power 
plants 

3- They can be used as standby power plants 


Factors of Selecting it's site 


Distance from load 
centre and populated 

area 

Availability of land with 
adequate type 

Availability of fuel 

Availability of 
Transportation facilities 

Located close to load 
centers to reduce 
transmission losses and 
costs but far as 
possible from heavily 
populated area due to 
their noisy operation 

The installation land 
has to be available at a 
satisfactory price to 
reduce the capital cost 
and the land type has 
to withstand the high 
weight and vibrations 
of the compressors and 
turbines 

The fuel required for 
the gasturbine power 
plants has to be 
available in the 
neighboring areas at 
reasonable rates and 
with adequate prices 

The availability of 
Transportation facilities 
with adequate price 
would help in reducing 
fuel transportation 
resulting in a reduction 
in the total running 
cost 












Fuels 

Due to technical problems, coal and peat are not preferred as gas turbine fuels 

Some petroleum fuels such as gas oil, diesel oil and kerosene are too expensive to be used in gas- 
turbine power plants 


Natural Gas & Liquid Petroleum are most adequate regarding technical aspects & economic issues 

Main Parts 


1- air compressor 

2- combustion chamber 

3- turbine 

4- generator 

The compressor can be coupled to the turbine shaft or they can be mounted on the same shaft, 
while the generator is coupled to the turbine shaft 

Filtered air at atmospheric pressure and temperature is pressurized in the compressor and enter 
the combustor 

A controlled amount of fuel is mixed in the combustor with compressed air and the mixture is 
ignited 

The combustion products at high temperature and pressure flow and expand over the turbine 
blades to produce mechanical energy 

The generator coupled to the turbine shaft converts the mechanical energy of the turbine into 
electrical energy 

It is common to construct the gas turbine with two separate turbines to carry out this task 


First Turbine 

coupled to the compressor and runs with a speed controlled depending on 
the required output power to control the amount of the air 

Second Turbine 

(the power turbine) drives the electrical generator at a constant speed (at 
synchronous speed) 


Injected 

fuel 





Turbines 


D 



Exhaust 




































A part of the extracted horsepower in the gas turbine is used to drive the air compressor in running 
conditions An electrical motor is required at starting to drive the compressor and is removed after 
starting the unit The gas turbine has to drive both the compressor and the alternator 


Methods of improving thermal efficiency 

The mentioned gas turbine efficiency is poor ( 20%) CUZ : the use of a great part of the 
mechanical power of the turbine to drive the air compressor 

In addition, the exhaust from the turbine still has a significant thermal energy, which is not used 
and wasted 


Three main methods to improve the efficiency : 


Regeneration 


from the turbine to heat the compressed air before entering the combustion 

chamber Thus, the fuel consumption is reduced and the thermal efficiency is 
improved 


Intercooling 


Low- 

pressure 

compressor 


f Air 


High- 

pressure 

compressor 


air cooling within an intermediate stage in the compressor using a heat 
exchanger 

reduces the volume and increase 
the density of air and hence, the 
thermal efficiency is improved. 

The Intercooling process would 
also reduce the size of the turbine 
and the compressor for the same 
power 

The Intercooling process would 
also reduce the size of the turbine 
and the compressor for the same power 


-PwvJ 


Intercooler 


Reheating 


gases following their partial 
expansion in the turbine 
enables further expansion of 

the gases to produce 
additional mechanical energy 
turbines: a high-pressure 
turbine and a low-pressure 
turbine 


A I O IUI kJU I Is 


High- 


Low- 


To 


HD= pressure HD= pressure =m= 
turbine turbine 

generator 


Combustion 

chamber 


^ IniprtpH t 


Combustion 

chamber 


Injected 1 Reheater 
fuel 


After that, overall efficiency of the plant can be improved to about 30% especially when a part of the 
waste heat from the exhaust gas is transferred to the compressed air before entering the combustion 
chamber 
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Diesel Power Plants 


Diesel engines differ from steam turbines in employing chemical energy of 
combustion directly in the turbine 


Steam 

Diesel 

depend on transforming the 
energy of the combustion firstly 
to steam and then using the 
steam energy to develop 
mechanical 

Diesel engines differ from gas 
turbines in the combustion 
region, which is external to the 
prime-mover in gas turbines and 
internal to the prime-mover in 
diesel engines 



Crank 

Case 


Air 

Intake 


Piston 


Exhaust 

Valve 


Fuel 

Injector 
















































Advantages 

1- They have a simple design and few installation requirements 

2- They have few constraints for location selection 

3- Their requirements of auxiliaries is limited 

4- They have almost-constant efficiency over the life time 

5- The overall capital cost is lower than that for steam power plants 

6- They have a small starting time 

7- They require small quantities of cooling They have almost- water 

8- The construction of foundations and buildings is simple and cheap 

9- Limited requirements of space for fuel storage 

10- They have fast response to load variations 

Disadvantages 

1- Require regular Maintenance and the maintenance cost is high 

2- Noisy operation compared to any other electrical power plants 

3- The operating cost is relatively high owing to the high cost of the diesel oil 

4- Constructed only on small and medium size not in large sizes 

Applications 

not widely used for electrical power generation due to: the size limitations and the increasing costs of oil 

1- When standby units are required for high reliability like in hospitals and radio stations 

2- When small quantities of power is to be generated 

3- To supply the auxiliaries of other power stations in emergencies 

4- When the resources of coal and water are not available in sufficient quantities 

Site Selection 

1- Near to load centers 

2- Land availability that withstand high vibrations 

3- Fuel and Water availability 

4- Transportation facilities 

Factors affecting selection 

1- Availability of land with cheap price to reduce capital cost 

2- Close to load centers to avoid transmission costs and losses 

3- Construct where transportation facilities are available 

4- Land has to withstand the vibrations of the compressors and engines 

5- The plant has to be near fuel resources to reduce fuel prices 

6- They have to be installed where water sources are available 








Elements of diesel electric power plants 


- In addition to the diesel engine, the 
conventional diesel power plant comprises some 
auxiliary equipment such as the engine air 
intake, the engine fuel system, the engine 
exhaust system, the engine cooling system, the 
engine lubricating oil system and the engine 
starter 



- The diesel engine and the auxiliary equipment 
are integrated together to perform the required 
overall task of the power plant 


Starting air tank 


/ 


A 


Starting air 
compressor 


Oil 


Lubricating 
oil tank 



Aux. oil 
pump 



From cooling 
tower 


Diesel Engine 


The diesel engine is used to develop mechanical power 

The combustion takes place inside the prime mover 

Small output Power : Horizontal Type 

Large output Power : Vertical Type 

Ratings : 75kW : 4 MW 

SPEED : 500 :1000 rpm 



Engine Air Intake 


Large diesel power plants require considerable amounts of air for their operation 


































































The engine air intake is essential including air filters, ducts and supercharger 

air filter removes the suspended impurities from air before entering the engine 

supercharger is to increase the pressure of air above the atmospheric pressure, 
which increases the output power 


Air filter 


TL 


Diesel engine 


Starting 
air tank 



Starting air 
compressor 


Engine fuel system 


The Engine fuel system comprises l)fuel storage tanks,2) fuel transfer pumps,3) strainers,4) heaters and 


5) connecting pipes 

fuel has to be transferred from the main fuel storage tanks to the daily 
fuel tanks and then to the engine 

Fuel transfer pumps are required to force the fuel through the pipes 

Strainers are required to remove the suspended impurities from the 
fuel to guarantee a clean fuel supply 


Diesel engine 



favourable to heat oil before entering the engine 


Engine exhaust system 


The engine exhaust system includes silencers and connecting ducts 
and is responsible for discharging the exhaust to the atmosphere. 

The exhaust from the engine is directed to exhaust pipes provided 
with a muffler 

muffler is to reduce the pressure of the exhaust to reduce the 
noise 

The engine exhaust system utilizes the heat of the exhaust gases in 
heating oil and air supplied to the engine due to its high temperature 


Air filter 

Ad 


Diesel engine 


Fuel 

filter 


Fuel 

injection 

pump 



Exhaust 
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Engine cooling system 


It is not possible to convert all generated heat into useful work when burning the fuel in the engine 
significant part of this heat is wasted in exhaust gases 

heat increases the temperature of the engine , so, has to be removed to prevent the damage of the 
system 

Small Engines : Air Cooling can be used 

Large Units : forced-water cooling with suitable pump hot water is cooled in cooling towers 
and then it is forced again to the engine, The flow of the cooling water is controlled according to 


Silencer 








































the load on the engine 


Oil System 


The moving parts in diesel power plants are subjected to high 
temperatures 

The oil system has two main tasks: 

1) lubricating the moving parts 

2) removing the heat from cylinders and bearings to 
increase the engine life and increases its efficiency 



A forced-feed lubrication system is used and the lubricating oil 

has to be at a high temperature to increase its viscosity and to facilitate its alteration 


The oil is cooled using a heat exchanger before sending the engine 


Engine Starter 


In the normal operation of diesel engine, the unit runs using its own power 

The unit needs external source at starting to rotate the engine until the firing starts and a sufficient 
power is extracted from the engine 


Small Units : The rotation of the engine can be accomplished manually 
Large Units : compressed air system or battery-driven motors can be used 


Efficiency of diesel power plant 
30-35% of the fuel energy is converted into mechanical power 
30% : for The cooling water 
25%: wasted in the exhaust gases 
11 % : Radiation and friction 


30-35 % : net thermal efficiency 




























The thermal efficiency decreases significantly at part load and specific fuel consumption increases 


This makes the operation at part load uneconomical 

Specific fuel consumption (kg/kWh) Percent efficiency (%) 



NON-CONVENTIONAL POWER SOURCES 


Conventional sources cause high pollution, which will not be accepted in the future 

Therefore, new alternative methods of power generation are required to overcome the rapid industry 
developments all over the world 


Photovoltaic ( Solar Cell) 


Solar cells are special diodes that produce Voltages : 0.5-1 volt at current densities in the range of 20-40 
mA/cm 2 

Photovoltaic (solar cell) has the capability of converting the solar energy directly into electrical energy 
without intermediate thermal or dynamic cycles 

They act as transducers that convert the radiant energy from the sun into electrical energy 

Using solar cells, about 15-20% of the available energy can be converted into electrical energy at almost 
free running cost 

Spite the low running cost of photocells, the high initial cost still represents a main barrier to utilize 
solar cells in large scales It is expected to decrease the initial cost of solar cells with the continuous 
developments and the advancements in the material technology. 










Principle of Operation 


When a semiconductor (P-N junction) absorbs some 
photons from sunlight with energy that exceeds the 
potential energy gap at the junction, the electrons will move 
from the P-region to the N-region 
The movement of an electron is equivalent to the 
movement of the holes in the other direction 
This creates an electric field, which, if high enough, can 
cause a current flow 

For implementation purpose, solar cells are made of two layers of 
semiconductor material One layer has a positive charge, while the 
second has a negative charge When subjected to light, the 
semiconductor atoms absorb some of the photons from the light 
This forces some electrons from the negative layer to flow to 
any external circuit and then back to the positive layer 



V oc VS Light intensity Che 


Photovoltaic cell has a typical characteristic 
Open circuit voltage (V) 




Light intensity (lux) 


The induced voltage has more sensitivity at lower light levels 

The output current depends on the load but it generally increases with the increase of the light 
intensity 

Photocells can be stacked in parallel and series to operate at the desired current and voltage 
respectively 





































Advantaged of Solar Cells 

1- Satisfactory operation over a wide range of temperatures 

2- Modularity and simplicity of installation 

3- Very low operating cost 

4- Clean power source 

5- Very fast response 

6- No noise 

7- Easy maintenance 

Disadvantages 

1- Generated power depends on weather conditions and sunlight 

2- Low Electrical efficiency (about 18%) 

3- Very high initial cost 

Equivalent circuit of photovoltaic 

An ideal solar cell can be modeled using a current source in parallel with a diode 

For practical modeling, a shunt resistance and a series resistance are added to the model 

The output current is the current source minus the diode current and the shunt resistor current 


Output Current I = I L — I D — I s n 
Diode Voltage Vj = V + IR S = 

( sn. 

Diode Current ■■ I D — I 0 I enkr — l 

I 0 = reverse saturation current 
n = diode ideality factor "DIF" (1 for an ideal diode) 
q = elementary charge 
k = Boltzmann's constant 

T = absolute temperature At 25 °C, kT/q = 0,0259 volts 



Voltage-current characteristics 

The characteristic equation is used to correlate solar cell parameters to the output current and 
voltage From the relation, it is possible to illustrate the voltage current characteristics under different 
operating conditions 


















/ q(V+IRs) 

I = I L ~ I 0 [e nkT 1 


V +1 R s 
Rsh 


When a load is connected to the solar cell, the current decreases and a voltage develops as charge 
builds up at the terminals 


o 


Two important quantities to characterize a solar cell 

1- Open circuit voltage ( V oc ): terminal voltage at no 
current 

2- Short circuit current(/ sc ): current when the 
terminals are short circuited 


The short circuit current increases with light intensity 

Maximum Power Point 
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Voltage in V 


The voltage-current curve provides a wide range of voltages and currents 

The loading conditions define the operating points on the curve from zero voltage to the 

highest value 

Among these points, only one point will provide the maximum power, i.e. deliver maximum 
electrical power at that level of irradiation 

The output power is zero in both the short circuit and open circuit extremes 



Voltage 

















Fuel Cells 


The first fuel cell unit was discovered and developed in 1839 by Sir William Grove 

It was not practically used until the 1960's when utilized to supply electric power for spacecraft 

Nowadays, fuel cells are being used in many applications because of their advantages 

They are emerging small-scale units that convert hydrogen and oxygen into water and generate electricity from this 
electrochemical process 

Construction 


fuel cell consists of two electrodes surrounding an electrolyte 

Hydrogen fuel is fed into the anode 

Oxygen or air enters the cell through the cathode 

The electrical energy is produced by controlling the movement of 
charged hydrogen and oxygen particles towards each other 

electrolyte has to provide 


I is fed 


Hydrogen 

(H 2 ) 


D 


Electrical 

circuit 


Cathode 


Anode 


Oxygen 

( 0 2 ) 


ectrolyte] H Q 


1- a high resistance to the electrons 

2- very low resistance to the protons 

This forces electrons to pass to the other electrode 
through an external electrical circuit This movement is 
controlled to generate regulated electrical energy 


The modern technology of fuel cells tends to include a 

fuel reformer to extract hydrogen from any hydrocarbon 
fuel like natural gas, ethane, methane and even gasoline 



Low Temp, FC : external fuel reformer 

High Temp. FC : internal reformers for compact structure and high efficiency 

Advantages 


1- High efficiencies 

2- High efficiency at partial load 

3- High efficiency for small units 













































4- Very low air pollution 

5- Possibility of cogeneration 

6- Silent operation 

7- Fuel flexibility 

8- Modularity and simplicity of installation 

Disadvantages 

1- Extremely high initial cost 

2- Infrastructure is not supported 

3- High temperature types are not stable 

Operation principles of fuel cells 

The principle of operation is based on the reaction of hydrogen gas and oxygen gas to form water, heat and electricity 
Hydrogen and oxygen are separated by the electrolyte, which insulates electrons and allow protons of hydrogen atoms to move 

through it 

An external path is formed for electrons using an electrical load to generate useful electrical energy 

2H 2 + 0 2 => 2H 2 0 


Types of Fuel cells 


1- Alkaline Fuel Cell "AFC" 

Low-Temp. FCs 

2- Proton Exchange Membrane "PEMFC" 

3- Phosphoric acid Fuel Cell "PAFC" 

4- Molten Carbonate Fuel Cell "MCFC" 

High-Temp. FCs 

5- Solid Oxide Fuel Cell "SOFC" 


type name is based on the used electrolyte material 
OPERATING TEMP. : 80 °C up to 1000 °C depending on type 
EFFICIENCY: up to 70% for High-temp, types 


Some types utilize only pure Hydrogen and Oxygen, 
while others can utilize other hydra-carbonate fuels and air 

Sometimes, the fuel cell uses liquid electrolyte and in other types a solid electrolyte is used 











Type 

Operating 

temperature 

Cell gas 

Oxidant 

% r| 

Electrolyte 

AFC 

80-100°C 

Pure H-, 

Pure 0 2 

50-60 

Potassium 

hydroxide 

PEMFC 

80-100°C 

h 2 

0 2 , air 

35-50 

Solid organic 
polymer 

PAFC 

160-200 

°C 

CH 4 or 

h 2 

0 2 , air 

40 

Liquid 

phosphoric 

acid 

MCFC 

650 °C 

ch 4 , h 2 

or coal gas 

O,, air 

45-65 

Molten 

carbonate 

SOFC 

800-1000 

°C 

ch 4 , h 2 

or coal gas 

0 2 , air 

50-70 

Solid ceramic 

material 


V-l Characteristics of fuel cells 


The relation between current and voltage at steady state conditions represent the main 
characteristics of the fuel cell unit 

The loading of the fuel cell causes a reduction on the terminal voltage 

For large loads, the voltage is sharply decreased, which represents a protection for the unit 

against high currents especially in the case of short circuits 


Open-circuit 
voltage 


Cell voltage (V) 



Current density (J) 

















Application of fuel cells 


The variety of materials, operating temperatures, power densities and utilized gases expands the 
applications of FCs to cover most known fields 


Stationary 

Transportation 

Portable 

FCs are candidate as distributed 
generating units for stationary 
applications, backup power 
generation and cogeneration 
applications 

They can be beneficial sources 

as stand-alone sources in 

remote areas 

MCFC and SOFC systems are 
candidates for this application, 
where the energy content in the 
exhaust gas can also be utilized 
to drive a downstream turbine 
producing more useful electrical 
energy 

FCs can operate efficiently in 
the field of vehicle application 
as they represent a clean 
energy technology 

Many attempts aim to advance 
the FC technology for 
transportation at a cost and 
volume that are competitive 
with the internal combustion 
engine 

PEMFC has attained a special 
attention in this field due to fast 

acceleration rate and high 
power densities 

Portable power is small sources 
that generate power of few 
watts up to few hundred watts 

FCs would be merged to the 
electronic device with a small 
container of fuel or compressed 
hydrogen inserted into an inlet 
port 

A very small blower can be used 
as an air supply or a natural 
convection is used 

A new fuel container can 
replace the old one when the 
fuel is completely depleted 

Recharging would not be 
necessary, which eliminates the 
main problem of using batteries 

EX: laptops and power for 
soldiers deployed in the field 











Wind Power Plants 


Wind energy is one form of solar energy, which has a swift progress 

The energy of moving air could be transformed to rotary mechanical energy through aero-turbines 
A widely used application of this energy is to convert it to an electrical form 

Recent technology advancements and economic reasons have extended the wind energy products to 
include large-scale electricity generation 


Types of Wind Turbines 

USED TO PRODUCE 1) Electrical Energy 2) Mechanical Work 
Those produce electrical: 1- Horizontal Axis 2-Vertical Axis types 



Regulated Speed Mode 


by appropriate change in the blade pitch angle 

This type is designed with an adjustable blade pitch angle 

It has the disadvantages 

1- of generating power less than the maximum value 

2- In this configuration, the electrical generator and the mechanical gearing are placed in the nacelle at 
the top of the tower 














































Advantage : Possibility of regulating operating speed 


Orientation Process 


In two techniques 

1- UPWIND : type (the rotor blades are fixed in front of the tower) where a fantail or a wind vane 

are used 

2- DOWNWIND type, where the rotor blades are fixed behind the tower, the orientation depends 

on the tower design, which produces wind shadow and turbulences in the blade path 



(a) Upwind (b) Upwind (c) Downwind 

with wind vane with fantail 


VERTICAL AXIS 

maximum available power is extracted without any control on the turbine pitch angle 

In this case, the turbine needs no adjustment to extract power from wind as it accepts wind from all 

directions 

This configuration allows the placement of the electrical generator and mechanical gearing at the 
ground level and coupling them to the turbine axis 






















Correct choice of rated speed will achieve good matching between windmill power and load demand 

The rated speed affects the cut-in speed (the speed at which wind turbine starts generating power) 

Increasing the rated speed increases the cut-in speed and vice versa 

High rated wind speed produces greater power in the periods where wind speed exceeds the cut-in 

speed 

Low rated wind speed covers a greater range of wind speeds: the production occurs over a prolonged¬ 
time 


Rawer (kilowatts) 























The way of extracting power from wind 

The power density existing in moving air (Pw) depends on the air density and is proportional to the wind 

speed (Vw) resin to the third power 

Pw — Kw^w 

However, the wind turbine does not utilize all the energy existing in the air since air has to keep a part of 

the energy to be able to move 

Give and take process 

This process occurs when wind turbine takes energy from air and returns a part of it again to enable air to pass 
behind the wind turbine 


This means that air must keep sufficient energy to move through the wind turbine 


This represents performance losses that could be decreased by the suitable selection of the rated speed 

and the number of blades 



High Rated Speed 
+ High Blades Number 

Low Rated Speed 
+ Low Blades NUmber 

equivalent to high-blades number, an overlap will 
occur between each two successive blades in the 
same turbulent air 

equivalent to low-blades number, much of air 
passing through the turbine will not be linked 
with the turbine blades 


Power Coefficient 


Another form of loss occurs when the kinetic energy of air is converted into a mechanical energy 

pushing the turbine blades 

represented as a performance factor called coefficient of performance or power coefficient "Cp" 
























Using this factor makes it possible to calculate the mechanical power produced on the turbine shaft for 

a certain swept area (As). 

PfR ~ A s C p K w Vyy 

Tip-speed ratio 

It is another performance index of the wind turbines It is defined as the ratio of the blade-tip speed to 
wind speed 

It is thus possible to calculate the tip speed ration in terms of the blade radius "R" and the angular speed 

of the wind-turbine rotor "w". 

speed of tip R.co 
wind speed V w 

The variation of wind speed will affect the tip speed ratio and hence the power coefficient 

variation of V w -> affects -> A -> C p 


There are two main equations describing the output from the wind turbine 


electrical output power 

~ Vg-Vgb-As-Cp. Kw-Vyy 
— 0.5 p rj q .7) qb .A s . C p .V w 

input mechanical torque 

v 3 

Pm ~ 0.5 p. Pgb-A s . C p . — 

V 2 

— 0.5 p . r/gb . i4 s . C p . R. -j- 








LAB (1) 


%LAB 1 


clc 

clear 

kl = 10 A -4 ; 
k2 = 2*10 A 5 ; 

D= 0.08; 

a = 50*10 A -6 :l*10 A -6:100*10 A -6; 

fixed_cost = k2*D.*a; 
ploss_cost = kl./a; 

tot_cost= fixed_cost + ploss_cost ; 

plot(a,fixed_cost , a,ploss_cost,a,tot_cost); 
hold on 

min_cost = find(min(tot_cost)==tot_cost) 

totcostmin= tot_cost(min_cost); 
amin= a(min_cost); 

text(amin,totcostmin, 'min point’) 


LAB(2) 


clc 

clear 

P = 1.56*10 A 6 ; 

S= 60*10 A 3 ; 
n=2 5; 
m=0:n; 
r=0.1 ; 

% Straight Line 

A1 = (P—S)/n ; 

accl = Al*m ; 

SI = P-accl; 

plot(m,accl,m,Sl); 
figure 

% Diminshing 

x = 1- (S/P) A (1/n); 
S= P* (1—x) . A m ; 
acc2= P-S ; 

plot(m,S,m,acc2); 

figure 

Sinking 






A3 = (r* (P-S) ) / ( (r+1) A n -1) ; 

Y = (A3*((r+1). A m -1))/r ; 
acc3 = P-Y ; 
plot(m,Y,m,acc3); 


LAB(3) 


clc 

clear all 

a = 4 0 ; 

B = 4; 
y = 0.012; 

P = 10:1:100 ; 

F = (a + B.*P + y*P. A 2).*10 A 6 ; 
ihr = F./P ; 
c = 0.12*10 A -6 ; 
ifc = (B + 2*y*P )*c; 


plot(P,F) 
figure 
plot(P,ihr) 
figure 
plot(P,ifc) 


LAB(4) 


clc 

clear 

%getting Units' data 
B= [4; 3; 3 - 8] ; 
y= [ 0.0 0 8 ; 0.01; 0.0 0 7] ; 
%getting Max and Min 
Pmin=[8 0;8 0;8 0] ; 

Pmax=[5 0 0; 5 0 0; 5 0 0]; 

m=size(B); 

for Pd=300:100:1500 


Pd %Prinitng Pdeman 






Lnu 

Lde 


= sum(B./y); 

= sum(1./y); 

redisp = 1 / 

d= zeros(m); 

while (redisp>0) 

redisp =0 ; 

L= (Pd+Lnu)/Lde ; 

for i=l:m 

if i~= d(i) 

P (i) = (L-B (i) ) /y (i) ; 

if P(i)>Pmax(i) | | P(i)<Pmin(i) 
d(i) = i / 

redisp = redisp +1 ; 

if P(i) > Pmax(i) 

P(i) = Pmax(i); 

elseif P(i) < Pmin(i) 

P(i) = Pmin(i)/ 

end 

Lnu = Lnu - B(i)/y(i) ; 

Lde = Lde - l/y(i) ; 

Pd = Pd-P(i); 


end 


end 


end 


end 

note=' the incremental fuel cost= 
L 


note = 'The Powers = 
P 


end 


LAB(5) 


clc 

clear 

B= [4; 3; 3 - 8] ; 
y= [0.008;0.01; 0.007] ; 
%getting Max and Min 
Pmin=[80;80;80]; 

Pmax=[5 0 0; 5 0 0; 5 0 0]; 
m=size(B); 

E = 0.00000002; 

for Pd = 300:100:1500 


Pd 

L= max(B); 
for i=l:m 

P (i) = (L-B (i) ) /y (i) ; 

if P(i) > Pmax(i) 

P(i) = Pmax(i) 

elseif P(i) < Pmin(i) 

P(i) = Pmin(i) 

end 


end 

error = sum(P)-Pd 
perror = error/Pd 


while (abs(perror) > E) 

L= L* (1-0.2*(perror-E) ) ; 


for i=l:m 


P (i) 


(L-B(i))/y(i) ; 




if P(i) > Pmax(i) 

P(i) = Pmax(i) 

elseif P(i) < Pmin(i) 
P(i) = Pmin(i) 

end 


end 


error = sum(P)-Pd 
perror = error/Pd 


end 

L 

P 

end 


